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T h i s paper i s a r e c o r d of work done d u r i n g the summer of 1910,hy 
Dr. W.H.Stoner, and d u r i n g the summer o f 1912 and the s p r i n g o f 
1914, hy the w r i t e r , i n the Oheraical L a b o r a t o r y o f the Medico 
O h i r u r g i c a l C o l l e g e o f P h i l a d e l p h i a . The r e s e a r c h was suggested 
by, and performed under the d i r e c t i o n o f . P r o f e s s o r G.H.Meeker, 
the Dean f o r Chemistry, to whom our t h a n k s a r e due f o r t h i s oppor-
t u n i t y f o r the advancement of our knowledge. 
Though some of the r e s u l t s o b t a i n e d a r e o f unknovm or obscure 
c a u s a t i o n , they a r e i n s e v e r a l c a s e s i n t e r e s t i n g , and a p p a r e n t l y 
new. E x p l a n a t i o n s , i n the l i g h t o f p r e s e n t e l e c t r o l y t i c t h e o r i e s , 
a r e h e re and t h e r e attempted, as a r e a l s o e x p l a n a t i o n s suggested 
by the r e s u l t s t h e m s e l v e s , but unsupported by any o t h e r e x p e r i -
mental work. 
Numerous r e f e r e n c e s were examined, p r i n c i p a l l y i n the complete 
f i l e s of the important c h e m i c a l p u b l i c a t i o n s of Germany, England, 
and the U n i t e d S t a t e s , found i n the c o l l e g e l i b r a r y . A l i s t o f 
t h e s e r e f e r e n c e s w i l l be g i v e n l a t e r . Most o f them a r e not more 
than i n c i d e n t a l l y r e l e v a n t . 
The problem, which was most t h o r o u g h l y s t u d i e d , and v/hich was 
brought to the most s a t i s f a c t o r y s t a t e o f s o l u t i o n , o r i g i n a t e d i n 
the f o l l o w i n g form: A p l u g of g e l a t i n e , made up i n a s o l u t i o n 
o f Na2304, was a l l o w e d to s o l i d i f y i n the bend o f an o r d i n a r y U-
tube, i n such a way as to s e p a r a t e p h y s i c a l l y the two u p r i g h t arms 
of the tube. I n t o each of t h e s e arms a s o l u t i o n o f Na2S04 was 
poured, and a p l a t i n u m e l e c t r o d e was suspended i n the l i q u i d i n 
each arm. The experiment was f i r s t performed as a l e c t u r e demon-
s t r a t i o n o f the motion of i o n s t h r u an e l e c t r o l y t e , and to t h i s 
end a few drops of p h e n o l p h t h a l e i n had been p r e v i o u s l y added to 
the g e l a t i n e , which was then c o l o r e d f a i n t l y r e d by a d d i t i o n o f 
2 . 
o f a few drops of NaCH s o l u t i o n . The a p p a r a t u s as s e t up had the 
form shown i n the aocoinpanying diagram. ( F i g u r e 1. ) 
A f t e r the c i a r r s n t had been passed f o r a s u f f i c i e n t time, a dec61or-
i z a t i o n began a t the anode end of the g e l a t i n e , due to the e n t r a n c e 
t h e r e of a c i d H y d r i o n s , on t h e i r way toward the cathode. At the 
cathode end o f he g e l a t i n e , a d e c o l o n i z a t i o n o c c u r r e d almost 
c o i n c i d e n t l y w i t h the b e g i n n i n g o f the experiment. T h i s d e c o l o r -
i z a t i o n was due to the anode-ward movement of the OH i o n s t h a t had 
been added to c o l o r the g e l a t i n e . A r e c o l o r a t i o n o f the cathode 
end of the g e l a t i n e was soon caused, however, by the e n t r a n c e t h e r e 
of b a s i c h y d r o x i o n s , l i b e r a t e d a t the cathode, and t r a v e l l i n g 
toward the anode. The h y d r i o n s and h y d r o x i o n s advanced i n t o the 
g e l a t i n e w i t h g r e a t u n i f o r m i t y , and the p r o g r e s s i n g " f r o n t s " 
were v e r y c l e a r - c u t and d i s t i n c t . T h i s method i s e s s e n t i a l l y 
one which has been much used f o r the d i r e c t d e t e r m i n a t i o n of 
a b s o l u t e i o n i c v e l o c i t i e s (Lodge: B r i t i s h A s s o c i a t i o n Report, 
i r e e , 3 9 3 ; l e e ? , 309), a s t r a i g h t p l u g o f g e l a t i n e b e i n g em-
p l o y e d i n s t e a d of the c u rved one d e s c r i b e d . 
When, however, the e l e c t r o l y s i s proceeded u n t i l the columns 
of moving h y d i i o n s and h y d r o x i o n s met, t h e r e was a more or l e s s 
r a p i d d e c r e a s e i n c u r r e n t , which a f t e r some time f e l l to p r a c t i c a l -
l y z e r o , w h i l e the f a l l of p o t e n t i a l , measured a c r o s s the two 
e l e c t r o d e s , r o s e c o r r e s p o n d i n g l y . These f a c t s i n d i c a t e d a 
d e c i d e d i n c r e a s e i n the r e s i s t a n c e of the system. I t i s an exam-
i n a t i o n of the cause f o r t h i s i n c r e a s e d r e s i s t a n c e which c o n s t i -
t u t e d t h a t p o r t i o n of the r e s e a r c h , to a d e s c r i p t i o n of which the 
f o l l o w i n g pages w i l l be devoted. 
The c o n d i t i o n s of the l a t e r e x p e r i m e n t a t i o n w i l l now be s t a t e d 
more i n d e t a i l , t o g e t h e r w i t h those r e s u l t s which were most 
c o n s t a n t and s u g g e s t i v e . 
P I Cj u,-re i 
3. 
Chemicals. Apparatus. and M a t e r i a l s . 
E l e c t r o l y t e - F o r a l l e x p e r i m e n t s performed hy St o n e r , a 55^ 
s o l u t i o n o f NasSOq was used. The e x p e i i m e n t s hy the w r i t e r made 
use o f a s o l u t i o n of K2SO4 ( B a k e r ' s " S p e c i a l " ) . I n most o f the 
exp e r i m e n t s the s o l u t i o n had a s t r e n g t h o f 5%, though t h i s was 
v a r i e d i n sorae i n s t a n c e s . The p o t a s s i u m s a l t was chosen i n order 
to f a c i l i t a t e the q u a n t i t a t i v e d e t e r m i n a t i o n o f c a t i o n and ani o n 
made n e c e s s a r y by the l a t e r develonments of the work. The s o l u t i o n s 
were i n a l l c a s e s weight:volume; i . e . , 5 grams o f the s a l t were d i s -
s o l v e d i n 100 c u b i c c e n t i m e t e r s o f w a t e r . 
G e l a t i n e - The g e l a t i n e used f o r most o f the experiments was 
f u r n i s h e d by the A. H. Thomas Co., and was i n t e n d e d f o r b a c t e r i o l o g -
i c a l work. I t was found to be r a t h e r impure. The p u r i t y f o r 
e l e c t r o l y t i c use was determined as f o l l o w s : The g e l a t i n e was made 
i n t o a 15/b s o l u t i o n i n d i s t i l l e d w a t e r , and the c o n d u c t i v i t y was 
o b t a i n e d w h i l e t he g e l a t i n e was l i q u i d , by i n t r o d u c i n g two p l a t i n u m 
w i r e s , a f i x e d d i s t a n c e a p a r t , end connected w i t h the l a b o r a t o r y 
l i g h t i n g c i r c u i t , ( F i g u r e 2.) A v o l t m e t e r and an ammeter were 
connected i n the u s u a l manner, and c o n d u c t i v i t y r e a d i n g s were made. 
At a temperature o f 56° u., a 15^^ s o l u t i o n of g e l a t i n e , as i t came 
i n s t r i p s from the package, p e r m i t t e d the passage o f a o u r r a n t of 
14 m i l l i a n p e r e s , a t o p o t e n t i a l o f 95 v o l t s . 
An attempt was made to p u i - i f y the g e l a t i n e by d i a l y s i s , A 
number of weighed s t r i p s o f g e l a t i n e were l a i d i n l a r g e c r y s t a l l i z i n g 
d i s h e s , where they were covered w i t h d i s t i l l e d w a t e r , and a l l o w e d 
to d i a l y z e f o r v a r y i n g p e r i o d s , the w a t e r b e i n g o c c a s i o n a l l y 
changed. C o n d u c t i v i t y t e s t s of the g e l a t i n e so t r e a t e d showed no 
c o n s i s t e n t improvement worthy o f c o n s i d e r a t i o n . As t h e r e seemed to 
be no advantage i n d i a l y s i s , and as the p r o c e s s consumed much time, 
and a l w a y s r e s u l t e d , i n a day or so, i n the p u t r e f a c t i o n o f the 
g e l a t i n e , accompanied by a most m e p h i t i c odor, the g e l a t i n e was 
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t h e r e a f t e r used as i t car.e from the manufacturer. 
To make the s o l u t i o n , the d r i e d g e l a t i n e was weighed out, and 
d i s s o l v e d , by a i d of h e a t , i n 100/15 of i t s weight, e x p r e s s e d " 
i n c u b i c c e n t i m e t e r s , of the ^% K2SO4 s o l u t i o n . The g e l a t i n e 
s o l u t i o n so o b t a i n e d was a l w a y s t u r b i d . S t o n e r f i l t e r e d i t t h r u 
a s b e s t o s , and r e p o r t e d s a t i s f a c t o r y r e s u l t s . The w r i t e r f i l t e r e d 
t h e s o l u t i o n t h r u o r d i n a r y f i l t e r paper, i n a h o t - f i l t e r i n g appar-
a t u s . T h i s p r o c e s s was somewhat slow, but a v e r y c l e a r g e l a t i n e 
was the r e s u l t . When so made up, the g e l a t i n e s o l u t i o n had an 
a c i d r e a c t i o n , which was found by a n a l y s i s t o be due to the p r e s e n c e 
of about 0.0046/ of h y d r i o n s . T h i s a c i d i t y was n e u t r a l i z e d by ;the 
c a u t i o u s a d d i t i o n o f KOH s o l u t i o n i n proper q u a n t i t y . E x p e r i m e n t s 
i n the s p r i n g o f 1914 were performed w i t h Knox's u n c o l o r e d and 
u n f l a v o r e d g e l a t i n e , o r d i n a r i l y used f o r making d e s s e r t s . T h i s 
g e l a t i n e was v e r y c l e a r , f i r m , and s a t i s f a c t o r y . Ash d e t e r m i n -
a t i o n s o f the g e l a t i n e f i r s t used y i e l d e d 0,63/ as the mean o f two 
r e s u l t s . Knox's g e l a t i n e showed the presence o f 0.5/ ash. 
I n d j c a t o r - I n most c a s e s i t was found c o n v e n i e n t to c o l o r the 
g e l a t i n e w i t h some a c i d - a l k a l i i n d i c a t o r , i n o r d e r to observe the 
p r o g r e s s of the e l e c t r o l y s i s . F o r the e a r l y e x p e r i m e n t s , a s o l -
u t i o n o f p h e n o l p h t h a l e i n was used i n t h i s c a p a c i t y . I t was 
e i t h e r c o l o r e d r e d hy a d d i t i o n o f a drop or two of KOH, o r was 
used u n c o l o r e d . T h i s i n d i c a t o r was found to be u n s a t i s f a c t o r y , 
f o r the supposed r e a s o n t h a t the a n i o n of the i n d i c a t o r ( i n a l k -
a l i n e s o l u t i o n ) , or the whole i n d i c a t o r molecule, i n v a r i a b l y 
m i g r a t e d toward the p o s i t i v e e l e c t r o d e , and moreover was a p p a r e n t -
l y p a r t i a l l y d e s t r o y e d b e f o r e i t had moved f a r t h r u the g e l a t i n e , 
(See l a t e r mention of t h i s phenomenon. ) L i t m u s s o l u t i o n V7as 
used l a t e r , and w i t h more s a t i s f a c t o r y r e s u l t s . The use of un-
f i l t e r e d l i t m u s ( i n some exp e r i m e n t s w i t h h o r i z o n t a l t u b e s ) , was 
accompanied by the f o r m a t i o n of t u r b i d c l o u d s i n the g e l a t i n e 
5. 
p l u g . These c l o u d s were examined m i c r o s c o p i c a l l y , and were 
found t o he caused by a diatomaceous m a t e r i a l . E x p e r i m e n t s w i t h 
f i l t e r e d l i t m u s were unaccompanied by the f o r m a t i o n o f t h i s t u r b i d i t y . 
I t s appearance, i n more or l e s s w e l l d e f i n e d zones, i n d i c a t e s a 
t r a n s p o r t a t i o n of the suspended s o l i d p a r t i c l e s t h r u the g e l a t i n e 
hy the c u r r e n t . T h i s i s undoubtedly due to c a t a p h o r e s i s , o r 
e l e c t r i c osmose. ( D a n e e l ; " E l e c t r o c h e m i s t r y , V o l . i , 1907, 119), 
Mixdd I n d i c a t o r . T h i s c o n s i s t e d o f a m i x t u r e of methylorange and 
p h e n o l p h t h a l e i n : Methylorange 0,1 gram 
P h e n o l p h t h a l e i n 1.0 " 
(Gohn: I n d i c a t o r s A l c o h o l , 50/, 100.0 c c . 
and T e s t P a p e r s , 
page 118; Ed, 1902) The r e a c t i o n s of t h i s i n d i c a t o r a r e as 
f o l l o w s : r e d w i t h a l k a l i ; p i n k w i t h a c i d ; y e l l o w when n e u t r a l . 
The mixed i n d i c a t o r was used i n p a r t i c u l a r because o f i t s adapt-
a b i l i t y as a n e u t r a l i n d i c a t o r . I t showed the u s u a l b e h a v i o r o f 
the p h e n o l p h t h a l e i n , noted i n the paragraph above, w h i l e the 
methylorange was a p p a r e n t l y i n d i f f e r e n t to the passage o f the 
c u r r e n t . A z o l i t m i n . a s p e c i a l p r e p a r a t i o n c o n s i s t i n g o f the 
most a c t i v e and v a l u a b l e c o n s t i t u e n t o f l i t m u s , was used i n e x p e r -
iments i n the s p r i n g o f 1914. I t p o s s e s s e d , i n a more marked 
degree, the d e s i r a b l e q u a l i t i e s of f i l t e r e d l i t m u s , g i v i n g a 
c l e a r , deep c o l o r , and showing l i t t l e o r no tendency to m i g r a t i o n 
o r d e s t r u c t i o n i n the g e l a t i n e . 
The i n d i c a t o r was added to the g e l a t i n e s o l u t i o n e i t h e r b e f o r e 
or a f t e r n e u t r a l i z i n g and f i l t e r i n g . S u f f i c i e n t was a l w a y s added 
to g i v e a d i s t i n c t c o l o r , even when t h e p l u g was of c o m p a r a t i v e l y 
s m a l l d i a m e t e r . 
A p p a r a t u s - V a r i o u s t y p e s o f a p p a r a t u s were d e v i s e d and t r i e d , 
a l l o f them c o n s i s t i n g o f an arrangement whereby the anode and 
cathode e l e c t r o l y t e s could be s e p a r a t e d by means o f a g e l a t i n e 
p l u g , i n which p l u g the changes due to e l e c t r o l y s i s c o u l d be 
observed, p r a c t i c a l l y u n i n f l u e n c e d by the e f f e c t s of d i f f u s i o n . 
6. 
( a ) The s i m p l e s t d e v i c e , and the one which y i e l d e d the b e s t 
r e s u l t s , c o n s i s t e d of an o r d i n a r y g l a s s 150 m i l l i m e t e r U-tube, 
i n the elbow of which the l i q u i d g e l a t i n e was poured, and t h e r e 
a l l o w e d to s o l i d i f y . Enough g e l a t i n e was i n t r o d u c e d so t h a t the 
p l u g extended about a c e n t i m e t e r o r so up i n t o the s t r a i g h t arms 
of the tube. T h i s a p p a r a t u s was shown i n diagram i n F i g u r e 1, 
( b ) Another tyoe o f a p p a r a t u s , w i t h which a number of e x p e r i m e n t s 
were performed, c o n s i s t e d of a s t r a i g h t g e l a t i n e t 'be, p l a c e d 
h o r i z o n t a l l y , and connected by means of s h o r t s e c t i o n s of rubber 
t u b i n g w i t h t i e arms of the e l e c t r o d e v e s s e l s . ( F i g u r e 3^ 
With t h i s arrangement the g e l a t i n e p l u g s v/ere s h o r t e r , and o f 
s m a l l e r diameter, than those i n the U-tubes, and as a r e s u l t 
f e e b l e r c u r r e n t s had to be employed. 
E l e c t r o d e s - These were made, as were p r a c t i c a l l y a l l the p i e c e s 
of a p p a r a t u s used i n the r e s e a r c h , e i t h e r by Dr. Meeker or the 
w r i t e r . The e l e c t r o d e s c o n s i s t e d of p i e c e s of g l a s s t u b i n g , about 
t e n c e n t i m e t e r s i n l e n g t h , i n t o one end of which was s e a l e d a 
p i e c e of p l a t i n u m w i r e , t h r u a l e a d - g l a s s t i p . The p l a t i n u m 
w i r e extended s e v e r a l m i l l i m e t e r s i n t o the tube, and a c e n t i m e t e r 
or so o u t s i d e . S e v e r a l drops of mercury were i n t r o d u c e d i n t o the 
tube, so as to c o v e r the i n n e r end of the p l a t i n u m w i r e , and a 
l e n g t h of copper w i r e was t h r u s t i n t o the tube i n such a way as t o 
d i p i n t o the mercury, and to make p o s s i b l e the passage of the 
c u r r e n t . t h r u the e l e c t r o d e from the o u t e r c i r c u i t . The upper end 
of the tube was l e f t open, to a l l o w the o c c a s i o n a l n e c e s s a r y r e -
newal of the copper w i r e , A s m a l l p i e c e of p l a t i n u m f o i l , about 
5 x 7 m i l l i m e t e r s , was a t t a c h e d to the p l a t i n u m w i r e o u t s i d e the 
e l e c t r o d e tube, and s e r v e d as t h e e l e c t r o d e . ( F i g ^ i r e 4 ) . These 
e l e c t r o d e s were f i t t e d t h r u rubber s t o p p e r s , h a v i n g an a d d i t i o n a l 
h o l e f o r the escape of e l e c t r o l y t i c gases, and f o r use were i n -
s e r t e d i n t o the U-tube arms, where they were s e c u r e d i n p o s i t i o n 
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by means of the s t o p p e r s . 
E l e c t r i c M eters- The meters used were an e x t r e m e l y s e n s i t i v e 
Weston mil-ammeter, r e a d i n g f o r f u l l - s c a l e d e f l e c t i o n 15 m i l -
amperes, 150 mil-amperes, or 1500 m i l - a m p e r e s . ( t h r e e p l u g s ) ; 
and a v o l t m e t e r (Queen & Oo.),. r e a d i n g to 150 v o l t s . The c u r r e n t 
was tapped from the c o l l e g e l i g h t i n g c i r c u i t , h a v i n g a v o l t a g e o f 
a p p r o x i m a t e l y 110. 
R h e o s t a t - At f i r s t the r e s i s t a n c e used to p r o p e r l y reduce the 
c u r r e n t was a bank of e i g h t oandle-power l i g h t s , connected i n 
p a r a l l e l . T h i s a p p l i a n c e was l a t e r d i s c a r d e d , as i t had the d i s -
advantage t h a t o n l y one experiment a t a time vras p o s s i b l e . 
An improved c h e m i c a l r h e o s t a t was l a t e r c o n s t r u c t e d , embodying 
an i d e a of Dr. Meeker's, by means of which s i x experiments could 
be performed a t the same time. The a p p a r a t u s was f u r t h e r m o r e so 
c o n s t r u c t e d as to a l l o w the v e r y c o n v e n i e n t and r a p i d i n t r o d u c t i o n , 
i n t o any of the s i x c i r c u i t s , o f e i t h e r v o l t m e t e r o r ammeter. The 
r e s i s t a n c e was f u r n i s h e d by d i s t i l l e d w a t e r , f a i n t l y a c i d i f i e d 
with-H2304. A d e t a i l e d d e s c r i p t i o n of t h i s a p p a r a t u s w i l l not be 
g i v e n h e r e . 
With t h i s r h e o s t a t , the arrangement of r e s i s t a n c e , work, am-
meter and v o l t m e t e r , was d i a g r a m m a t i c a l l y as shown i n F i g u r e 5, 
The p o i n t s x, y, and z a r e d e p r e s s i o n s i n the top of the 
r h e o s t a t t a b l e . These d e p r e s s i o n s c o n t a i n mercury, i n t o which 
the c i r c u i t w i r e s e n t e r as shown. The t e r m i n a l s of the v o l t m e t e r 
a r e f a s t e n e d to a s m a l l b l o c k of wood, and s u f f i c i e n t l y f a r a p a r t 
to p e r m i t t h e i r i n t r o d u c t i o n i n t o the h o l e s y and z, thus a d m i t t i n g 
the v o l t m e t e r i n t o the c i r c u i t . The w i r e t e r m i n a l s from the am-
meter a r e f a s t e n e d to a second b l o c k of wood, so as to a l l o w t h e i r 
i n t r o d u o t i o n i n t o x and y, t h u s a d m i t t i n g the ammeter i n t o the 
c i r c u i t . When the ammeter i s removed from the c i r c u i t , t he gap 
x-y i s b r i d g e d by a s m a l l p i e c e o f w i r e , so bent as to d i p i n t o 
the mercury i n x and y, t h u s c l o s i n g the c i r c u i t . T h i s w i r e i s 
of course t e m p o r a r i l y removed whenever the ammeter i s to be i n t r o -
duced i n t o the c i r c u i t . The a c i d i f i e d d i s t i l l e d ?/ater f u r n i s h i n g 
the r e s i s t a n c e was c o n t a i n e d i n g l a s s tubes 25 c e n t i m e t e r s l o n g , 
and about 1.9 c e n t i m e t e r i n d i a m e t e r . I n the l o w e r end o f each 
r e s i s t a n c e tube was s e a l e d a p l a t inure w i r e , e x t e n d i n g both i n s i d e 
and o u t s i d e the tube. The o u t s i d e p r o j e c t i o n f i t t e d i n t o a d e p r e s -
s i o n i n the wooden base of the r h e o s t a t t a b l e , c o n t a i n i n g a l i t t l e 
mercury, t h r u which t ;e r h e o s t a t was connected w i t h the w i r e s of 
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the main c i r c u i t . The i n s i d e p r o j e c t i o n o f the p l a t i n u m w i r e 
was bathed by the a c i d i f i e d w a t e r . The o t h e r e l e c t r o d e o f the 
a p p a r a t u s c o n s i s t e d o f a second p l a t i n u m w i r e , s i m i l a r to the 
o t h e r , and s e a l e d i n t o a g l a s s tube. E x c e p t f o r i t s g r e a t e r 
l e n g t h , t h i s e l e c t r o d e was s i m i l a r i n e v e r y p o i n t o f c o n s t r u c t i o n 
to the e l e c t r o d e s b e f o r e d e s c r i b e d . I t was i n s e r t e d i h t o t he 
, r h e o s t a t tube t h r u a cork , f i t t e d t o the mouth of the tube, 
and c o u l d be moved up o r down, th u s v a r y i n g the d i s t a n c e between 
the e l e c t r o d e s , w i t h c o r r e s p o n d i n g v a r i a t i o n o f the r e s i s t a n c e . 
T h i s a p p a r a t u s was t e s t e d as to the range of i t s e f f e c t i v e n e s s . 
By p r o p e r adjustment o f the a c i d i t y o f the l i q u i d , a c u r r e n t o f 
any d e s i r e d s m a l l n e s s c o u l d be o b t a i n e d . By moving the upper 
e l e c t r o d e from i t s extreme upper p o s i t i o n u n t i l i t c l o s e l y approached 
the l o w e r e l e c t r o d e , the c u r r e n t c o u l d be i n c r e a s e d to about 
f o u r to s i x times i t s f i r s t v a l u e . 
The c u r r e n t s used w i t h t h i s r h e o s t a t v a r i e d c o n s i d e r a b l y , the 
s m a l l e s t b e i n g about 15 mil-amperes, and the l a r g e s t about 300 
mil-amperes. V/ith the l a t t e r c u r r e n t the l i q u i d i n the r h e o s t a t 
tube began to b o i l i n a few hour s , though t h i s seemed to have 
no p a r t i c u l a r l y u n d e s i r a b l e e f f e c t upon the continuatmon of the 
experiment. I t i s s a f e to say, however, t h a t the app a r a t u s 
i n i t s p r e s e n t form i s u n s u i t a b l e f o r c u r r e n t s s u b s t a n t i a l l y 
s t r o n g e r than s e v e r a l hundred mil-amperes, e s p e c i a l l y f o r l o n g -
c o n t i n u e d use. I n a l l c a s e s the r h e o s t a t i n t r o d u c e d a m.inor 
f l u c t u a t i o n i n the c u r r e n t , which would be a d i s a d v a n t a g e i n 
work of g r e a t r e f i n e m e n t . The w i r e e l e c t r o d e s became coated a t 
i n t e r v a l s w i t h a dark, non-conducting m a t e r i a l , which was the 
cause o f g r e a t i r r e g u l a r i t i e s o f c u r r e n t s t r e n g t h . O c c a s i o n a l 
G l e a n i n g o f the w i r e s , when they became darkened, o b v i a t e d t h i s 
d i f f i c u l t y . 
R e f r i g e r a t i o n A o n a r a t u s - One o r two u n s u c c e s s f u l a t t e m p t s 
were made to conduct experiments a t l a b o r a t o r y temperature, but 
i n e v e r y case the g e l a t i n e p l u g v e r y promptly melted. A l l sub-
sequent experiments were t h e r e f o r e done i n ap p a r a t u s surrounded 
by i c e and wa t e r . I n o r d e r to p e r m i t t h i s c o o l i n g t h r u the n i g h t , 
a s o r t of r e f r i g e r & t o r was c o n s t r u c t e d . I t c o n s i s t e d o f an o r -
d i n a r y g l a s s aquarium j a r , e n c l o s e d i n a wooden box. Between the 
j a r and the box w a l l s a l a y e r o f compressed cor k , of the k i n d 
used i n r e f r i g e r a t o r s , and about an i n c h i n t h i c k n e s s , was 
f i t t e d . T h i s cork l a y e r s e r v e d as i n s u l a t i o n . A l i d o f s i m i l a r 
d e s i g n was c o n s t r u c t e d to f i t the box. y/ith t h i s s i m p l e a p p a r a t u s , 
e x p e r i m e n t s were a l l o w e d to r u n t h r u the n i g h t c o n t i n u o u s l y d u r i n g 
the summer. The r e f r i g e r a t i o n was q u i t e s a t i s f a c t o r y f o r t h i s 
purpose, and i t was n e c e s s a r y to r e f i l l the a p p a r a t u s w i t h i c e 
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about e v e r y t w e l v e h o u r s , though' t h i s p e r i o d depended, o f co u r s e , 
upon the weather, V/hen s m a l l c u r r e n t s were used, i t was found 
t h a t f a i r l y e f f i c i e n t c o o l i n g c o u l d be o b t a i n e d from c o l d w a t e r , 
w i t h o u t a d d i t i o n o f i c e . 
E x p e r i m e n t a l R e s u l t s . 
As t h i s paper d e a l s w i t h o n l y a s i n g l e phenomenon o f the s e v e r a l 
t h a t were n o t i c e d d u r i n g t he e x p e r i m e n t a t i o n , the d e s c r i p t i o n of 
r e s u l t s w i l l be l i m i t e d , almost w i t h o u t e x c e p t i o n , t o those e x p e r -
iments which threw most i l l u m i n a t i o n upon the problem. T h i s prbblem 
was the p e c u l i a r c u r r e n t stoppage, r e f e r r e d to b e f o r e , d u r i n g t h e 
e l e c t r o l y s i s o f Ra2S04 and K2SO4 s o l u t i o n s , w i t h the e l e c t r o d e 
l i q u i d s s e p a r a t e d by a diaphragm o f s o l i d g e l a t i n e , c o n t a i n i n g the 
same e l e c t r o l y t e . E x p e r i m e n t s w i t h both h o r i z o n t a l s t r a i g h t g e l -
a t i n e p l u g s , and w i t h U-tubes, and numerous v a r i a t i o n s o f both, 
were made. Of a l l t h e s e , the work done w i t h U-tubes y i e l d e d most 
c o n s t a n t and i n f o r m i n g r e s u l t s . T h i s was no doubt caused, a t 
l e a s t p a r t l y , by the f a c t t h a t the g e l a t i n e p l u g s i n th e s e e x p e r i -
ments were c o n s i d e r a b l y l a r g e r than those i n the h o r i z o n t a l tube^, 
w h e r e f o r e the phenomena were more v i s i b l e , and a n a l y s e s o f v a r i o u s 
p o r t i o n s o f the g e l a t i n e were more e a s i l y performed. 
The l i q u i d g e l a t i n e was poured i n t o the c l e a n U-tube, t o the 
d e s i r e d h e i g h t , and a l l o w e d t o s o l i d i f y . A l a y e r of K2SO4 s o l -
u t i o n was i n t r o d u c e d i n t o each arm of the tube, so as to o v e r l a y 
the g e l a t i n e p l u g . The e l e c t r o d e s were a d j u s t e d i n the two arms, 
a c o n v e n i e n t d i s t a n c e from the g e l a t i n e . The whole app a r a t u s was 
p l a c e d i n the i c e b a t h , • be i n g h e l d i n p o s i t i o n by means o f heavy 
i r o n w i r e s p a s s e d ' t h r u the e l e c t r o d e s t o p p e r s , and bent a t the and 
i n such a way as to extend over the edge o f the r e f r i g e r a t i o n box, 
and to g r i p i t s s i d e s . ( F i g u r e 6 ) . When the ap p a r a t u s was i n 
p l a c e , e l e c t r i c a l c o n n e c t i o n s were made as a l r e a d y d e s c r i b e d 
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some pages back. The c u r r e n t was a d j u s t e d to the d e s i r e d s t r e n g t h 
by means of the r h e o s t a t , , and the experiment was a l l o w e d to p r o -
ceed. The tubes were f r e q u e n t l y examined, and r e a d i n g s of v o l t -
age and amperage were as f r e q u e n t l y t a k e n . A l l r e s u l t s were 
c h r o n o l o g i c a l l y r ecorded, the l a b o r a t o r y n o t e s b e i n g i n most 
c a s e s e x h a u s t i v e . Space w i l l p e r m i t no more th a n a b r i e f summary 
of these r e s u l t s . 
The c u r r e n t s t r e n g t h s used ranged from about 25 mil-amperes to 
about 100 rail-amperes. No p a r t i c u l a r e f f e c t was n o t i c e d by i n -
c r e a s e i n c u r r e n t , except a p r o p o r t i o n a l a c c e l e r a t i o n of the prog-
r e s s of the experiment, and an added n e c e s s i t y f o r e f f e c t u a l r e -
f r i g e r a t i o n , to p r e v e n t m e l t i n g o f the g e l a t i n e . The experiments 
were a l l o w e d to proceed from two to s i x days, though i n g e n e r a l 
the d e s i r e d r e s u l t s were o b t a i n e d d u r i n g the f i r s t s i x h o u r s , and 
the f u r t h e r c o n t i n u a t i o n o f the experiment s e r v e d o n l y to emphasize 
the s t a b i l i t y o f t h e s e r e s u l t s , by which the e l e c t r o l y s i s was 
p r a c t i c a l l y brought to a s t a n d s t i l l . 
As was mentioned i n the i n t r o d u c t i o n , the e l e c t r o l y s i s , under 
the c o n d i t i o n s s e t , proceeded f o r a time as would be expected: 
Hydrogen gas was e v o l v e d a t the cathode, and oxygen a t the anode; 
the cathode e l e c t r o l y t e became i n c r e s s i n g l y a l k a l i n e , and the 
anode e l e c t r o l y t e i n c r e a s i n g l y a c i d ; the h y d r i o n s , l i b e r a t e d a t 
t h e anode, m i g r a t e d toward the cathode, and the h y d r o x i o n s from 
the cathode moved toward the anode, t h e s e l a s t two phenomena 
b e i n g p r e s e n t l y shown by the a p p r o p r i a t e c o l o r a t i o n of the i n -
d i c a t o r c o n t a i n e d i n the g e l a t i n e , as soon as t h e s e i o n s e n t e r e d 
the g e l a t i n e i n t h e i r m i g r a t i o n toward the e l e c t r o d e of o p p o s i t e 
charge. The advance of t h e s e columns of h y d r i o n s and h y d r o x i o n s 
c o u l d be f o l l o w e d r e a d i l y by the p r o g r e s s i o n of t h e i r " f r o n t s " t b r u 
the g e l a t i n e . 
D u rinp t h i s time the c u r r e n t remained c o n s t a n t w i t h i n c o m p a r a t i v e -
l y s m a l l l i m i t s , V/hen the approaching columns o f h y d r i o n s and 
h y d r o x i o n s met, which was a l w a y s n e a r the middle of the g e l a t i n e , 
the c u r r e n t began to d i m i n i s h i n amperage, and t o i n c r e a s e i n 
v o l t a g e , i n d i c a t i n g much i n c r e a s e d r e s i s t a n c e a t some p o i n t i n 
the c i r c u i t . I n u s u a l l y l e s s t h a n an hour a f t e r the apparent 
meeting of the H and OH columns, the amperage became p r a c t i c l l y 
z e r o , w i t h a c o r r e s p o n d i n g l y augmented v o l t a g e . At the p o i n t 
of meeting, h e r e a f t e r c a l l e d the " c o n t a c t zone", f o r convenience, 
a more or l e s s d e f i n i t e s t r u c t u r e seemed to form i n the g e l a t i n e . 
T h i s u s u a l l y c o n s i s t e d of a narrow zone, composed o f g e l a t i n e of 
g r e a t e r c l a r i t y t h a n the r e s t , and i n some c a s e s , of e n t i r e l y 
c o l o r l e s s g e l a t i n e . T h i s zone was i n most c a s e s v e r y d i s t i n c t , 
and had the appearance of a diaphragm, s e p a r a t i n g the r e s t o f 
the g e l a t i n e i n t o two p o r t i o n s . V/hile t h i s zone was forming, 
and aftorw&rd, t h e r e o c c u r r e d a v e r y marked m e l t i n g of the i c e 
s u r r o u n d i n g the tube i n the r e g i o n o f t h i s c o n t a c t zone. T h i s 
o b s e r v a t i o n bore out the i n f e r e n c e t h a t the i n c r e a s e d r e s i s t a n c e , 
noted by the meters, was due to the f o r m a t i o n of t h i s c o n t a c t 
zone. Furthermore, a r e v e r s a l of e u r r e n t ( i n an experiment 
w i t h a h o r i z o n t a l t u b e ) , a f t e r the c o n t a c t zone was w e l l 
e s t a b l i s h e d , r e s u l t e d i n the r e s t o r a t i o n o f the c u r r e n t to i t s 
o r i g i n a l s t r e n g t h , the d i s a p p e a r a n c e o f the c o n t a c t zone, and the 
f o r m a t i o n of a new c o n t a c t zone a t another p o i n t i n a few hours, 
w i t h c o l o r changes i n the g e l a t i n e coi'responding to the change 
i n p o l a r i t y of the c u r r e n t . S t o n e r , i n h i s work, r e p l a c e d 
one of the e l e c t r o d e s w i t h a w i r e , which he t h r u s t i n t o the 
g e l a t i n e p l u g . The h i g h r e s i s t a n c e c o n t i n u e d u n t i l the w i r e was 
t h r u s t c o m p l e t e l y t h r u the c o n t a c t zone, when the o r i g i n a l 
c u r r e n t was r e s t o r e d . 
By these means, the i n c r e a s e d r e s i s t a n c e and d e c r e a s e d c u r r e n t 
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were shown to "be connected v e r y d i r e c t l y w i t h the c o n t a c t zone 
f o r n e d hy the j u n c t i o n o f the advancing f r o n t s o f the h y d r i o n s 
and h y d r o x i o n s . An e x p l a n a t i o n o f t h i s phenomenon t h e r e f o r e 
"became the immecliate o h i e c t of a t t e n t i o n . 
B e f o r e a d i s c u s s i o n o f the r e s u l t s o b t a i n e d i n the attempt to 
s o l v e t h i s n a t t e r , a few o f the c o i n c i d e n t phenomena 6 f the 
e x p e r i m e n t s w i l l be mentioned. Whether or not t h e s e p e r t a i n to 
the i s s u e a t ha-'d i s not c l e a r ; but they a r e c o n s i s t e n t f a c t s , 
w hich may have more or l e s s g e n e r a l i n t e r e s t , and which may 
p l a y some i m p o r t a n t , though unsuspected, r o l e i n the p r o c e s s e s 
s t u d i e d . 
L o c a t i o n of the Contact Zone- D e t e r m i n a t i o n s , recorded i n 
works on E l e c t r o l y t i c and P h y s i c a l C h e m i s t r y , show the v e l o c i t i e s 
of h y d r i o n and h y d r o x i o n to s t a n d j n the r a t i o H : OH = 220 : 182. 
By c a l c u l a t i o n i t was p r e d i c t e d t h a t the c o n t a c t zone would be formed 
at a p o i n t 63.7/ of the d i s t a n c e from the anode to the cathode, i . e . , 
about t w o - t h i r d s of t h i s d i s t a n c e . As a m a t t e r of f a c t , i n no case 
was t h i s expected r e s u l t o b t a i n e d . I n most i n s t a n c e s the p o i n t o f 
meeting was n e a r the middle, or s l i g h t l y n e a r e r the cathode. I n 
s i x e x p e r i m e n t s , c a r e f u l measurements were made al o n g the o u t e r 
edge of the tube, of the d i s t a - ' c e s from anode to c o n t a c t zone, 
from cathode to c o n t a c t zone, and o f the w i d t h of the c o n t a c t 
zone. I n most c a s e s , (and w i t h a l l c a s e s w i t h l i t m u s as an 
i n d i c a t o r ) , the c o n t a c t zone was i t s e l f a c i d i n r e a c t i o n , from 
which i t f o l l o w s t h a t the a c t u a l c o n t a c t p l a n e must have been a t 
the extreme cathode boundary of the c o n t a c t zone. The mean of the 
measurements made i s as f o l l o w s : 
Mean d i s t a n c e , anode t o c o n t a c t zone: 76,6 m.m. 
" " cathode to " , " 70.5 mm. 
" w i d t h , c o n t a c t zone: 3.3 mm. 
I t was e a r l y suggested t h a t the d i s p l a c e m e n t of the c o n t a c t zone 
fi o m i t s t h e o r e t i c a l l o c a t i o n might have been caiised by the d i s -
t u r b i n g i n f l u e n c e of the CH i o n s added to c o l o r the p h e n o l p h t h a l e i n 
f i r s t used as i n d i c a t o r . However, the p r a c t i c a l u n i f o r m i t y o f 
the l o c a t i o n o f the zone, when the g e l a t i n e c o n t a i n e d H i o n s i n 
e x c e s s ( i n s t e a d o f CH i o n s ) , or when the g e l a t i n e was as n e a r l y voi*.ct^U-^ 
as p o s s i b l e , e l i m i n a t e d t h i s as a r e a s o n a b l e e x p l a n a t i o n . 
I t should be remarked t h a t the c o n t a c t zone sometimes formed a t 
one spot, and then s l o w l y moved as a whole, e i t h e r ainode-ward 
or cathode-ward. A l s o when the experiment was a l l o w e d to s t a h d 
f o r a time, as over n i g h t , w i t h o u t c u r r e n t , the c o n t a c t zone 
l o s t i t s d i a p h r a g m - l i k e appearance, and became merely a sharp 
l i n e o f demarcation i n c o l o r between the a c i d and a l k a l i n e arms 
of the g e l a t i n e . The r e s i s t a n c e of the zone, when i n t h i s 
c o n d i t i o n , was c o n s i d e r a b l y l e s s than i t was b e f o r e the c u r r e n t 
was stopped; but a f t e r the c u r r e n t was a g a i n passed f o r a time, 
the o r i g i n a l r e s i s t a n c e was r e g a i n e d , as was a l s o the o r i g i n a l 
appearance o f the zone. I t i s probable t h a t t h i s b e h a v i o r was 
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due to the e f f e c t s of slow d i f f u s i o n i n the r e g i o n o f the c o n t a c t 
zone, when the f o r c e was removed which s u s t a i n e d the s t r u c t u r e o f 
t h i s zone; t h a t i s , when the c u r r e n t was stopped. 
E f f e c t s o f E l e c t r o l y s i s upon t h e _ G e l a t i n e - The most c o n s t a n t 
of t h e s e e f f e c t s was the softening^or"^ s o l v e n t a c t i o n of the cathode 
e l e c t r o l y t e as i t became i n c r e a s i n g l y a l k a l i n e . By e x t e n d i n g the 
experiment over a s u f f i c i e n t p e r i o d o f t ime, the cathode arm o f 
the g e l a t i n e became l i q u i d as f a r as the c o n t a c t zone. 
The f i r s t r e s u l t of the c u r r e n t upon the g e l a t i n e was the r e t r a c t i o n 
of both s u r f a c e s i n c o n t a c t w i t h the e l e c t r o l y t e , f o r m i n g i n some 
c a s e s v e r y deeply indented m e n i s c i . T h i s c o n c a v i t y was u s u a l l y 
permanent i n the a c i d g e l a t i n e , and a l s o i n the a l k a l i n e arm, 
u n t i l i t began to l i q u e f y . The r e t r a c t i o n of the g e l a t i n e was not 
n o t i c e d i n March a r d A n r i l o f 1914, i n a nu. b e r of e x p e r i m e n t s . 
I n t h e s e e x p e r i m e n t s , however, t h e r e was a c o n s t a n t end w e l l -
marked t r a n s f e r e n c e o f l i q u i d i n t o the cathode chamber, the 
l e v e l of the e l e c t r o l y t e b e i n g r a i s e d one o r two c e n t i m e t e r s i n 
t h i s arm of the ti.be. I n a l l c a s e s the g e l a t i n e to the anode s i d e 
o f the c o n t a c t zone remained f a i r l y s o l i d , w h i l e t h a t t o the 
cathode s i d e i n v a r i a b l s r l i q u e f i e d i f time enough was a l l o w e d . I n 
prolonged expeiuments the a c i d g e l a t i n e was a l s o o b s e r v a b l y s o f t -
ened. Very n o t i c e a b l e was the f a c t t h a t the g e l a t i n e o f the 
c o n t a c t zone was a l w a y s the most s o l i d of a l l , and most s u c c e s s f u l l y 
r e s i s t e d h a n d l i n g a f t e r removal from the tube. 
M e l t i n g - p o i n t d e t e r m i n a t i o n s on the g e l a t i n e r e s u l t e d as f o l l o w s : 
M e l t i n g p o i n t , n e u t r a l 15/ g e l a t i n e , i n 5/ K2SO4, 
t h r u which n o ' c u r r e n t was passed: - - - - - - - - - - - 34, 5°C. 
M e l t i n g p o i n t , c o n t a c t zone, t h r u which c u r r e n t was 
passed f o r 6 d a y s : - - - - - - - - - - - - - - - - - - - 35."i" 
M e l t i n g p o i n t , a c i d g e l a t i n e from same experiment,- - - 32,5° 
Ston e r , i n 1910, a f t e r p a s s i n g a c u r r e n t which a t f i r s t was 200 
mil-amperes, f o r 6.5 hours, found t h a t the g e l a t i n e melted a t 
27° i n the b a t h . The u n u s u a l s o l i d i t y of the g e l a t i n e o f the 
c o n t a c t zone, which was i n c e r t a i n c a s e s almost s e m i - c a r t i l a g i n o u s 
i n c h a r a c t e r , was always n o t i c e a b l e upon the removal of the 
g e l a t i n e p l u g . 
M i g r a t i o n o f the I n d i c a t o r - T h i s was n o t i c e d i n the case of 
p h e n o l p h t h a l e i n , as was mentioned some pages back. T h i s i n d i c a t o r , 
vhen the c u r r e n t was passed t h r u the g e l a t i n e c o n t a i n i n g i t , seamed 
to move toward Ihe anode. I n one o r two i n s t a n c e s , a l i t t l e 
p h e n o l p h t h a l e i n was d e t e c t e d a f t e r the experiment, i n the anode 
e l e c t r o l y t e . The g e l a t i n e was a l w a y s d e c o l o r i z e d i n the a l k a l i n e 
arm, i n which p h e n o l p h t h a l e i n , i f p r e s e n t , would g i v e a deep r e d 
c o l o r . The o n l y c o l o r r e m a i n i n g i n many c a s e s was a r a t h e r i n t e n s e 
r e d zone immediately a d j o i n i n g the c o n t a c t zone, and to the cathode 
s i d e of i t . However, t h e r e seemed seemed alw a y s to be a c o n s i d e r -
a b l e d i s c r e p a n c y i n the t o t a l amounts o f p h e n o l p h t h a l e i n p r e s e n t 
b e f o r e and a f t e r the experiment, and t h i s l e d to the b e l i e f t h a t 
the i n d i c a t o r was p a r t i a l l y d e s t r o y e d by the c u r r e n t . The mere 
m i g r a t i o n of p h e n o l p h t h a l e i n might be a n t i c i p a t e d , s i n c e i n a l k & l i n e 
s o l u t i o n i t y i e l d s the r e d a n i o n Z^6H4:Q 
96H4 
COO-
which would be expected to move toward the anode, though proba-bly 
r e t a r d e d by the g e l a t i n e , because of the l a r g e s i z e of the i o n s . 
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N e i t h e r methylorange nor l i t m u s showed t h e s e e f f e c t s , though t h e y 
might he expected to behave s i m i l a r l y to p h e n o l p h t h a l e i n . The f a c t 
t h a t i n experiments u s i n g l i t m u s and a z o l i t m i n as c o l o r i n g agents 
the c o n t a c t zone was c o l o r e d v e r y deep r e d , w h i l e the remainder o f 
the a c i d g e l a t i n e was o n l y p i n k , m.ay demonstrate a t r a n s f e r e n c e 
o f the i n d i c a t o r cathode-v/ard, though t h i s i s made u n l i k e l y by 
the u n i f o r m d i s t r i b u t i o n o f the c o l o r i n the a c i d g e l a t i n e . 
Other Phenomena- I n many ex p e r i m e n t s , a number of a c i c u l a r 
c r y s t a l s were d e p o s i t e d upon the anode s u r f a c e o f the g e l a t i n e . 
The p r o b a b i l i t y t h a t they c o n s i s t e d o f K2SD4, thrown out o f s o l -
u t i o n by the i n c r e a s i n g c o n c e n t r a t i o n of the s u l p h i o n s (common-ion 
e f f e c t ) was i n d i c a t e d hy the f a c t t h a t i n an experiment u s i n g 10/ 
e l e c t r o l y t e , dense c l u s t e r s of t h e s e c r y s t a l s were formed i n both 
arms of the tube. S i n c e a 10/ s o l u t i o n of K 2 S O 4 i s v e r y n e a r l y 
s a t u r a t e d , t h ^ p r e c i p i t a t i n g a c t i o n , due to common-ion e f f e c t , 
s h ould be more marked than i n a 5 / s o l u t i o n , which was indeed the 
c a s e . T h i s phenom.enon was not observed i n l a t e r e x p e r i m e n t s . 
I t was n o t i c e d t h a t a c i d i f i e d g e l a t i n e , on s t a n d i n g i n the s o l i d 
form, developed fan-shaped and r o s e t t e aggregates o f a c i c u l a r 
c r y s t a l s throughout i t s mass. T h i s d i d not o c c u r w i t h n e u t r a l o r 
a l k a l i n e g e l a t i n e . 
Mention should a l s o be made here o f the t u r b i d c l o u d s of s o l i d 
m a t t e r , w h i t e or gray i n c o l o r , which were o c c a s i o n a l l y formed 
i n one or the other o f the arms of the g e l a t i n e p l u g . M i c r o s c o p i c 
e x a m i n a t i o n o f t h i s m a t e r i a l showed i t to be amorphous. I t p r o -
b a b l y c o n s i s t e d of p a r t i c l e s o f d e b r i s i n the g e l a t i n e , conveyed 
by c a t a p h o r e s i s toward one e l e c t r o d e o r the o t h e r . The v e r y marked 
t r a n s f e r e n c e of e l e c t r o l y t e cathode-v/ard, n o t i c e d i n the most 
r e c e n t e x p e r i m e n t s , i s mentioned here a g a i n because' of i t s g e n e r a l 
i n t e r e s t . 
The f i r s t e j r p l a n a t i o n f o r the c u r r e n t stoppage was t h a t a l l the 
p o t a s s i o n s had moved i n t o the n e g a t i v e p o r t i o n , and a l l the s u l p h i o n s 
i n t o the p o s i t i v e p o i t i o n , of the a p p a r a t u s . T h i s would r e q u i r e 
t h a t a l l t h e s e i o n s had m i g r a t e d p a s t some c e n t r a l p o i n t , a t 
which t h e r e would then form a zone, of i n c r e a s i n g w i d t h , w i t h o u t 
e i t h e r p o t a s s i o n s or s u l p h i o n s , end c o n s e q u e n t l y of h i g h e r r e s i s t -
ance than the remainder of the g e l a t i n e . E x a m i n a t i o n s of the 
anode and cathode e l e c t r o l y t e , a f t e r the c u r r e n t - s t o p p a g e had 
become v / e l l e s t a b l i s h e d , and a f t e r the c u r r e n t had passed con-
t i n u o u s l y f o r t h r e e days, or even more, showed both l i q u i d s t o 
c o n t a i n both p o t a s s i o n s and s u l p h i o n s , i n c o n c e n t r a t i o n s u f f i c i e n t 
to g i v e the o r d i n a r y t e s t s q u i t e s t r o n g l y . 
A second e x p l a n a t i o n was based upon the o b s e r v a t i o n t h a t the 
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the c u r r e n t - s t o p p a g e was al w a y s p r a c t i c a l l y c o i n c i d e n t w i t h the meet-
i n g o f the advancing coluims o f H and OH i o n s . A c c o r d i n g to a c e e p t -
ed t h e o r i e s , t h i s meeting should r e s u l t i n the f o r m a t i o n o f p r a c t i c a l 
l y u n - i o n i z e d w a t e r . T h i s had been pi'-edicted, f o r s i m i l a r c o n d i t i o n s 
by K o h l r a u s c h (Wied. Annal,, 1897, I x i i , 2 5 8 ) . The f o r m a t i o n of 
w a t e r would c e r t a i n l y e l i m i n a t e , from c u r r e n t - b e a r i n g a c t i v i t y , 
a l l except v e r y few H and OH i o n s i n t h a t r e g i o n , (Water i o n i z e s to 
the e x t e n t o f one mol i n 10*'' l i t e r s . ) The c u r r e n t t h r u t h i s zone 
would t h e r e f o r e be conveyed by the SO4 and K i o n s , r e t a r d e d by Ibhe 
c o n t i n u a l l y d e c r e a s i n g d i l u t i o n o f the e l e c t r o l y t e a t t h a t p o i n t , 
due to wate r f o r m a t i o n , though a s s i s t e d by the i n c r e a s e d v o l t a g e 
o v e r t h a t r e g i o n . Prom t h i s i t might r e a s o n a b l y be assumed t h a t 
some i n c r e a e i n r e s i s t a n c e would be caused by the f o r m a t i o n o f 
the c o n t a c t zone, t h a t i s , by the f o r m a t i o n o f w a t e r . 
I t i s f u r t h e r m o r e l i k e l y t h a t by the pasisage o f the c u r r e n t 
s u f f i c i e n t l y l o n g to e s t a b l i s h the c o n t a c t zone, the c o n c e n t r a t i o n 
of the H and OH i o n s has been so much i n c r e a s e d t h a t much of the 
c u r r e n t i s c a r r i e d hy these i o n s , and p r o p o r t i o n a t e l y l e s s by the 
K and SO4 i o n s . From K o h l r a u s c h * s f o r m u l a , s t a t i n g the con-
d u c t i v i t y o f an i o n to be p r o p o r t i o n a l to i t s v e l o c i t y , i t f o l l o w s 
t h a t , from the time the H and OH i o n s t a k e p a r t i n the p r o c e s s , 
(hence from the v e r y s t a r t ) , t he s l o w e r K and SO4 i o n s would bear 
l e s s and l e s s o f the c u r r e n t . The m i g r a t i o n v e l o c i t i e s o f H : K = 
320 : 66. Thus, i f H and K i o n s a r e assumed to be p r e s e n t i n 
eq u a l c o n c e n t r a t i o n , fibout f i v e H i o n s w i l l b e a r t h e i r charges t o 
the cathode, w h i l e one K i o n has made the same j o u r n e y . There-
f o r e under these c o n d i t i o n s , about 82.9/ of the p o s i t i v e c u r r e n t 
w i l l be c a r r i e d by the h y d r i o n s . The m i g r a t i o n v e l o c i t i e s OH : S O 4 = 
182 : 7 1 , e x p r e s s e d i n the same r a t i o as above. Hence w i t h equbl 
c o n c e n t r a t i o n s o f OH and SO4 i o n s , about 7 2 . 3 / o f the n e g a t i v e 
c u r r e n t w i l l be conveyed by the h y d r o x i o n s . I f , under such c o n d i -
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t i o n s , p r a c t i c c l l y a l l the H and OH i o n s should he e l i m i n a t e d 
from c u r r e n t - h e a r i n g , i t seems r e a s o n a b l e t h a t t he SO4 arf^K i o n s 
presentAwould he inadequate to m a i n t a i n the c u r r e n t c a r r i e d p r e -
v i o u s l y by H and OH i o n s , and t h a t t he r e s i s t a n c e would i n c r e a s e . 
As a m a t t e r o f f a c t , e x a m i n a t i o n s o f the c o n c e n t r a t i o n s o f H and 
OK i o n s i n the cathode and anode e l e c t r o l y t e s , a f t e r the e s t a b l i s h -
ment of a c o n t a c t zone, showed t h a t the maximum conduction by H 
and OH i o n s v/as n e v e r q u i t e f u l l y a t t a i n e d , the c o n c e n t r a t i o n of 
KOH and H2SO4 ( c a l c u l a t e d from the / of OH and H f o u n d ) , b e i n g 
about 2.5/, a f t e r the experiment had co n t i n u e d f o r t h r e e days. 
These p e r c e n t a g e s correspond t o about 4 / of K2SO4, w h e r e f o r e the 
a c t u a l c o n c e n t r a t i o n s o f H and OH were not q u i t e equal t o the 
c o n c e n t r a t i o n o f K and SO4. ( E l e c t r o l y t e = 5 / K2SO4. ) 
To e s t a b l i s h the above e x p l a n a t i o n s , i t was n e c e s s a r y to 
show, f i r s t , t h a t the c o n t a c t zone was a r e g i o n i n which wat e r 
v/as formed, t h a t i s , a r e g i o n n e u t r a l i n r e a c t i o n ; second, t h a t 
the c o n t a c t zone was a r e g i o n o f s u f f i c i e n t l y few i o n s to 
account f o r the g r e a t l y i n c r e a s e d r e s i s t a n c e , 
A number o f g e l a t i n e p l u g s were removed, a f t e r the f o r m a t i o n 
of a c o n t a c t zone, and were examined to determine the presence 
or absence o f a n e u t r a l zone, and to determine the amount o f K 
and SO4 p r e s e n t i n the g e l a t i n e o f the r e s i s t a n t r e g i o n . 
I n e v e r y case the g e l a t i n e v/as found to be a c i d up to a d e f i n i t e 
points, and a l k a l i n e beyond t h a t p o i n t . The c o n t a c t zone, i n a l l 
experiments i n which l i t m u s or a z o l i t m i n was the i n d i c a t o r , was 
a c i d , b e i n g c o l o r e d deep r e d , w h i l e the remainder ©f the a c i d 
g e l a t i n e was n o r m a l l y p i n k . ( T r a n s f e r o f i n d i c a t o r ? ) Immediately 
t o the cathode border o f the d i f f e r e n t i a t e d zone, however, the 
g e l a t i n e became a l k a l i n e . E v i d e n t l y i n t h e s e e x p e r i m e n t s , the 
n e u t r a l zone o f v/eter, i f formed, was v e r y narrow. F i v e g e l -
a t i n e p l u g s were removed, and examined throughout t h e i r l e n g t h 
17. 
as to a c i d i t y and a l k a l i n i t y . i n e v e r y case the a c i d i t y o r a l k -
a l i n i t y , determined hy t i t r a t i o n o f a weighed p o r t i o n of the 
g e l a t i n e , was found to d i m i n i s h s t e a d i l y as the c o n t a c t zone v/as 
approached. The c o n t a c t zone v/as u n i f o r m l y f a i n t l y a c i d , i . e . , 
almost n e u t r a l . The f i g u r e ( 7 ) and r e s u l t s g i v e n on the accompany-
i n g page, w i l l "bring out t hese p o i n t s . As a r e s u l t o f t h e s e d e t e r m i n -
a t i o n s , the c o n t a c t zone was shown to "be a r e g i o n v e r y nearlj'' 
n e u t r a l . The mean r e s u l t s showed the zone to p o s s e s s an a c i d i t y 
c o r r e s p o n d i n g to 0.35/ H2SO4. I n # 2 , t e s t s of the c o n t a c t zone, 
"by means of BaCl2 and the p l a t i n u m v / i r e , i n d i c a t e d SO4 i o n s o n l y 
f a i n t l y , and K i o n s not a t a l l . The g e l a t i n e of the c o n t a c t zone 
o f #3 and §4 (accompanying s h e e t ) was examined q u a n t i t a t i v e l y f o r 
SO4 end K. The mean r e s u l t s i n d i c a t e d a c o n c e n t r a t i o n of 0.77/ 
K 2 S O 4 . 
The c o n t a c t zone was t h e r e f o r e as a v/hole f a i n t l y a c i d , e q u i v a l e n t 
to 0.35/ H2SO4, though the c o n c e n t r a t i o n of H2SO4 i n the anode 
chamber, and of KOH i n the cathode cham'ber, was a"bout 2.5/, 
These p e r c e n t a g e s d e c r e a s e d s t e a d i l y as the c o n t a c t zone'^/^s ap-
proached, and t h e i e f e l l to p r a c t i c a l l y z e r o . I t i s a b s o l u t e l y 
c e r t a i n t h a t a t some p o i n t i n or n e a r the c o n t a c t zone t h e r e 
must e x i s t a v e r y narrow r e g i o n of a b s o l u t e n e u t r a l i t y , though 
the d e t e c t i o n , o r s e p a r a t i o n and a n a l y s i s , o f such a p o r t i o n o f 
the g e l a t i n e has not y e t been s a t i s f a c t o r i l y accomplished. I n 
f a c t , i t was i n a l l c a s e s d i f f i c u l t t o c u t away only t h a t p o r t i o n 
of the g e l a t i n e forming the c o n t a c t zone, s i n ^ e i n t h i n l a y e r s 
the g e l a t i n e v/as so f a i n t l y c o l o r e d t h a t the boundary betweem 
p i n k and b l u e c o u l d not be d e f i n i t e l y seen. 
The c o n c e n t r a t i o n of K2SO4 i n the g e l a t i n e of the c o n t a c t zone, 
was shown to be 0.77/, though an a n a l y s i s o f the same l o t of 
g e l a t i n e , made up v/ith K2SO4 s o l u t i o n , showed the p r e s e n c e o f 
4.75/ K2S04. 
n 
1 u, -r <2-
Experiment 
proceeded f o r ,3 
18 h o u r s . R e s i s t a n c e of p l u g 
a t f i r s t , 325 ohms; 
r e s i s t a n c e f i n a l l y , 
19,333.3 ohms. 
1 2 J 
e e l a t i n e p l u g t a k e n from #2 below. Experiment o f J u l y 23, 
1912. G e l a t i n e c o l o r e d w i t h mixed i n d i c a t o r . A l l g e l -
a t i n e of s e c t i o n s 1 to 7 i n c l . was a l k a l i n e , and y e l l o w 
or orange i n c o l o r , w i t h e x c e p t i o n of 7, which was deep 
re d , the p h e n o l p h t h a l e i n h a v i n g a p p a r e n t l y accumulated 
t h e r e . S e c t i o n 8 was the c o n t a c t zone. I t was q u i t e 
c o l o r l e s s . S e c t i o n s 9 to 14 i n c l . were a c i d , and were 
p i n k i n c o l o r , w i t h e x c e n t i o n of 14, which was c o l o r -
l e s s . 
# 1 . Exp. o f J u l y 17, 










/ H y d r o x y l : 
( c o n t a c t zone) 
#3. Exp. of Apr. 8, 1914. 
#2. Exp. o f J u l y 23, 1914. 
/ H y d r o g e r ( i 4 ) 0 , 0 4 2 / 
(13^ " ^' 
(12 
( 1 1 
(10 
(9) 
( 8 ) . 
/ H y d r o x y l ( s ) 0.000c 
( 7 ) 0.278 
( 0 ) 
( 5 ) 
( 4 ) 
( 3 ) 
( 2 ) 













/ H y d r i o n (G) 0.064 
( 5 ) 0.046 
( 4 ) 0.039 
( 3 ) 0.01 
/ H y d r o x i o n : ( 2 ) 0.19 
( 1 ) 0.48 
Exp. performed w i t h 
Knox's g e l a t i n e , c o l o r e d w i t h a z o l i t m i n . 
Negative g e l a t i n e melted to p o i n t shown. 
A l l g e l a t i n e remained c l e a r . P l u g 
broke i n h a l f a t p o i n t A. R e s i s t a n c e o f 
p l u g a t f i r s t , 360 ohms; a f t e r e s t a b -
l i s h m e n t of c o n t a c t zone, 7666.6 ohms. 
Experiment proceeded f o r 3 days. 
( c o n t a c t z o n e ) . 
Experiment proceeded f o r 2 days . N e u t r a l l i t m u s , c o l o r e d w i t h 
a z o l i t m i n . S i m i l a r to #3. R e s i s t a n c e a t b e g i n n i n g of e x p e r i -
ment, 316.6 ohms; r e s i s t a n c e a f t e r e s t a b l i s h m e n t o f c o n t a c t 
zone, 7087 ohms. The c o n t a c t zone appeared to be h a l f p i n k 
and h a l f b l u e . I t v/as d i v i d e d i n t o two p o r t i o n s f o r a n a l y s i s : 
/ Hydrion: 0.06/ 
0.05 
0.03 
0.015 ( c o n t a c t zone, p i n k h a l f ) 
/ Hydroxion: 0.05 ( c o n t a c t zone, hlne h a l f ) 
0.43 
0.80 
Experiment proceeded f o r t h r e e days. N e u t r a l l i t m u s , c o l o r e d 
w i t h a z o l i t l i n . R e s i s t a n c e a t f i r s t , 300 ohms; r e s i s t a n c e 
a f t e r e s t a b l i s h m e n t of c o n t a c t zone, 12,142.8 ohms. Negative 
g e l a t i n e much melted. 




0.005 ( c o n t a c t zone) 
/ Hydroxion: 0.25 
The mean a c i d i t y of the c o n t a c t zone, o b t a i n e d from t h e s e 
r e s u l t s , i s 0.0072/ Hydrion, c o r r e s p o n d i n g to 0.35/ H2SO4 
18' 
I t i s c l e a r t h a t the c o n t a c t znne, and p r o b a b l y the r e s t of 
the g e l a t i n e , i s a r e g i o n i n which marked c o n c e n t r a t i o n changes 
have o c c u r r e d , w i t h p r o b a b l y the f o r m a t i o n of a v e r y narrow zone 
w i t h o u t i o n s , l y i n g somewhere w i t h i n the r e g i o n known as the 
c o n t a c t zone, and shown to c o n t a i n v e r y many l e s s i o n s than the 
o t h e r p o r t i o n s of the g e l a t i n e , o r than the e l e c t r o l y t e , 
A f i n a l d e t e r m i n a t i o n was made, to determine whether the r e s i t t -
ance o f f e r e d by a 1% s o l u t i o n of K2SO4 ( a p p r o x i m a t e l y the c o n c e n t r a -
t i o n found f o r the c o n t a c t zone) i n t r o d u c e d i n t o the c i r c u i t w i t h 
an o r d i n a r y U-tube, f r e s h l y p r e p a r e d , and t h e i e f o r e p o s s e s s e d o f 
a normal r e s i s t a n c e (no c o n t a c t z o n e ) , would be s u f f i c i e n t to 
cause c u r r e n t stoppage, s i m i l a r to t h a t i n the e x p e r i m e n t s . The 
arrangement of a p p a r a t u s f o r t h i s i n v e s t i g a t i o n i s shown i n f i g u r e 
a. The s e p a r a t e r e s i s t a n c e o f the U-tube was 290 ohms. That of 
the 1% K23O4 s o l u t i o n was found to he 98 ohms. The t o t a l r e s i s t -
ance of the c i r c u i t , w i t h both U-tube and 1% K2SO4 i n s e r i e s , was 
400 ohms. 
I n the experiments the r e s i s t a n c e i n c r e a s e d enormously more than 
t h i s , amounting to 7000 ohms, and more. I n o r d e r to i n c r e a s e 
the r e s i s t a n c e , by the method used i n the t e s t experiment j u s t 
mentioned, to t h i s f i g u r e ( 7 0 0 0 ) , r e q u i r e d a d i l u t i o n of the 
K2SO4 l y i n g between 1:10,000 (4500 ohms) and 1:100,000 (10,900 ohms). 
D i s t i l l e d w a t e r , s u b s t i t u t e d f o r K2SO4, r a i s e d the t o t a l r e s i s t -
ance to about 18, 400 ohms, a l l o w i n g the passage of a c u r r e n t of 
4.5 mil-amperes a t 84 v o l t s . T h i s c u r r e n t had been a c t u a l l y ob-
t a i n e d i n many exp e r i m e n t s , whence i t f o l l o w s t h a t t h e r e must be 
formed i n the g e l a t i n e , a t some p o i n t , mnd most l i k e l y a t some 
p o i n t i n the c o n t a c t zone, a r e g i o n h a v i n g the r e s i s t a n c e of d i s -
t i l l e d w a t e r . T h i s f u r n i s h e s c i r c u m s t a n t i a l p r o o f f o r the e x i s t -
ence of a zone of w a t e r , c a u s i n g the i n c r e a s e d r e s i s t a n c e . The 
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pi-esencc even o f 0.35/ of 112304 and 0.77/ of K2SO4 i n the c o n t a c t 
zone would o b v i o u s l y enable a p r a c t i c a l l y u n d i m i n i s h e d c u r r e n t to 
p a s s . T h e r e f o r e the r e s i s t a n t zone can no l o n g e r be c o n s i d e r e d 
to be the whole c o n t a c t zone, but must be some c e n t r a l p o r t i o n 6'f 
i t , i n which the number of i o n s p r e s e n t i s comparable to t h a t of 
d i s t i l l e d w a t e r . I t i s probable t h a t the d e c r e a s e i n c o n c e n t r a t i o n 
of H, OH, K, and SO4 i o n s c o n t i n u e s , i n the c o n t a c t zone i t s e l f , 
t o t h i s c e n t r a l r e g i o n , and t h e r e f a l l s to p r a c t i c a l l y z e r o . 
U n l e s s a means i s d e v i s e d f o r enormously i n c r e a s i n g the s i z e o f 
the c o n t a c t zone, an e x p e r i m e n t a l v e i ' i f i c a t i o n of t h i s assumption 
i s not p r a c t i c a b l e . 
To the p r s e n t time, t h e s e f a c t s have been d i s c o v e r e d : 
I n the e l e c t r o l y s i s o f K2SO4 or Na2S04, w i t h a diaphragm of 
g e l a t i n e i n t e r p o s e d between the two e l e c t r o d e s , the p r o c e s s i s 
brought to a p r a c t i c a l t e r m i n a t i o n a f t e r some time, by the uni on 
of h y d r i o n s and h y d r o x i o n s i n the g e l a t i n e , as they move i n o p p o s i t e 
d i r e c t i o n s toward the e l e c t r o d e of o p p o s i t e s i g n . By t h i s u n i o n 
a h i g h l y r e s i s t a n t zone i s formed, the g e l a t i n e i n t h i s zone b e i n g 
n e a r l y n e u t r a l i n r e a c t i o n , though immediately to the cathode s i d e 
of t h i s r e g i o n the g e l a t i n e becomes i n c r e a s i n g l y a l k a l i n e , and t o 
the anode s i d e of i t , i n c r e a s i n g l y a c i d . There i s l i t t l e doubt 
t h a t t h i s zone i s formed as a r e s u l t of the combination of 
h y d r i o n s and h y d r o x i o n s to form u n - i o n i z e d w a t e r . The f u r t h e r 
f a c t was demonstrated t h a t t h i s l a y e r c o n t a i n e d f ewer i o n s o f 
a l l k i n d s than the e l e c t r o l y t e , or t h a n the r e s t of the g e l a t i n e . 
T h i s was not caused by the complete removal, from the cathode 
e l e c t r o l y t e , o f i t s s u l p h i o n s , or from the anode e l e c t r o l y t e , 
o f i t s p o t a s s i o n s , inasmuch as t h e s e i o n s were found i n both 
e l e c t r o l y t e l i q u i d s even a f t e r the passage of the c u r r e n t f o r a 
p e r i o d of s e v e r a l days a f t e r the f o r m a t i o n of the c o n t a c t zone. 
I t has been shown t h a t the enormously i n c r e a s e d r e s i s t a n c e i n the 
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g e l a t i n e c o u l d not be due to the d e c r e a s e d c o n c e n t r a t i o n of the 
H, CH, K, and SO4 i o n s i n the g e l a t i n e of the c o n t a c t zone, and 
as has been s a i d , i t becomes n e c e s s a r y to assume the p r e s e n c e , 
w i t h i n t h i s g r o s s zone,of a narrow r e g i o n i n which i o n s a r e p r a c t i c a l -
l y a bsent. T h i s assumption i s supported by the s t e a d y d e c r e a s e 
i n c o n c e n t r a t i o n of a l l i o n s as the c o n t a c t zone i s appraached, 
w i t h the f a i r i n f e r e n c e t h a t t h i s d e c r e a s e c o n t i n u e s w i t h i n the 
c o n t a c t zone i t s e l f , r e s u l t i n g i n a p r a c t i c a l l y i o n l e s s diaphragm. 
That t h i s has not proved i s duo to the i m p o s s i b i l i t y o f d e t e c t i n g 
a n e u t r a l p o i n t by means of the i n d i c a t o r s used, or of sub-
d i v i d i n g acc r a t e l y the whole c o n t a c t zone, so as to i s o l a t e the 
neutr>al, i o n l e s s r e g i o n , i f i t be p r e s e n t . 
A l l e x p l a n a t i o n s so f a r attempted t a k e f o r g r a n t e d the a b s o l u t e 
i n e r t n e s s o f the g e l a t i n e I t s e l f . T h i s assumption i s s c a r c e l y 
w a r r a n t e d , as g e l a t i n e i s w e l l known to p o s s e s s the a b i l i t y to 
combine c h e m i c a l l y w i t h both a c i d s and bhses, forming p o s s i b l y 
e l e c t r i c a l l y charged p a r t i c l e s . L i k e v / i s e a l l the e x p e r i m e n t s 
performed have shown e i t h e r a s o l v e n t or a d e g e l a t i n i z i n g a c t i o n 
due to the a l k a l i formed i n the cathode e l e c t r o l y t e . F i n a l l y , 
the p e c u l i a r s o l i d i t y of the c o n t a c t zone, and the a l t e r a t i o n s 
i n m e l t i n g p o i n t noted b e f o r e , may be t r a c e d to e l e c t r o l y t i c 
changes i n the g e l a t i n e i t s e l f . 
I t i s obvious t h a t the e f f o r t s to e x p l a i n the phenomena d e s c r i b e d 
a r e incomplete and u n s a t i s f a c t o r y i n many r e s p e c t s . However, the 
r e s u l t s b ear out q u i t e s t r i k i n g l y the e l e c t r o l y t i s t h e o r y w i t h 
r e f e r e n c e to w a t e r . The experiment s e r v e s a d m i r a b l y f o r l e c t u r e 
i l l u s t r a t i o n o f the motion of I o n s d u r i n g e l e c t r o l y s i s , and of the 
b e h a v i o r of H and OH i o n s whe ' i n c o n t a c t . T h i s l a t t e r i s made 
p o s s i b l e o n l y by the presence of the s o l i d g e l a t i n e , i n the absence 
of which no c o n t a c t zone c o u l d be formed, s i n v e the u n d i s s o c i a t d d 
water, as r a p i d l y as i t v/as formed, would d i f f u s e away, and the 
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c o n d u c t i v i t y o f the s o l u t i o n a t t h a t p o i n t would remain u n a f f e c t e d . 
I t i s hoped t h a t the r e s u l t s o f subsequent work w i l l f u r n i s h 
t h e complete e x p l a n a t i o n f o r t h e s e i n t e r e s t i n g phenomena, and 
t h a t they w i l l j u s t i f y , i f p r e s e n t r e s u l t s have not a l r e a d y 
done so, the c o n s i d e r a b l e e f f o r t so f a r expended upon the 
problem. 
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